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Structural adaptation in initial collecting tubule following reduction in
renal mass. Tubular function studies have shown that nephrectomy
leads to a sharp increase in potassium secretion by initial collecting
tubules. The aim of this study was to examine the relationship between
potassium transport and the cellular morphology of the distal nephron.
Clearance and ultrastructural studies were conducted in rats 10 days
after 75% nephrectomy. Fractional urinary potassium excretion in-
creased from 23.4 3.8% in controls to 63.9 10.1% in nephrecto-
mized animals. Stereological analysis of principal cells in the initial
collecting tubule revealed that following nephrectomy the surface
density of the basolateral membrane increased from 2.32 0.12 to 4.11
0.20 rm2/sm3. While the basolateral membrane surface density of
intercalated cells in this segment was not affected by nephrectomy, the
luminal membrane surface density increased from 0.29 0.03 to 0.54
0.08 sm2/sm3. Ultrastructural changes were not observed in cells of the
distal convoluted tubule. These observations demonstrate that cell type
specific changes in membrane surface density accompany the adaptive
increase in ion transport that occurs with a reduction in renal mass. The
enhanced potassium excretion associated with nephrectomy may be
partly mediated by a specific increase in the basolateral membrane of
principal cells. The increase in luminal membrane of intercalated cells
may be related to the increase in acid transport per surviving nephron
following nephrectomy.
Adaptation structurelle du tubule collecteur initial apres reduction de Ia
masse nephronique. Des etudes de Ia fonction tubulaire ont montré que
la nephrectomie conduit a une élévation prononcée de Ia sécrétion
potassique par les tubules collecteurs initiaux. Le but de cette étude a
été d'examiner Ia relation entre le transport du potassium et Ia
morphologic cellulaire du néphron distal. Des etudes de clearance et
d'ultrastructure ont dtd entreprises chez des rats 10 jours après
néphrectomie de 75%. L'excrétion urinaire fractionnelle de potassium a
augmenté de 23,4 3,8% chez les contrôles a 63,9 10,1% chez les
animaux néphrectomisés. Une analyse stëréologique des cellules
principales du tubule collecteur initial a révélé qu'après la
nephrectomie, Ia densité de surface de Ia membrane baso-latérale s'est
dlhvé de 2,32 0,12 a 4,11 0,20 sm2/m3. Bien que la densité de
surface de Ia membrane baso-latérale des cellules intercalaires de ce
segment ne soit pas affectée par Ia nephrectomie, Ia densité de surface
de leur membrane luminale s'est élévd de 0,29 0,03 a 0,54 0,08
.Lm2/Lm3. Des modifications ultrastructurelles n'ont pas eté observées
dans les cellules du tubule contourné distal. Ces observations
ddmontrent que des changements de Ia densité de surface membranaire
specifiques d'un type cellulaire accompagnent l'élévation adaptative du
Received for publication March 8, 1984,
and in revised form September 18, 1984
© 1985 by the International Society of Nephrology
transport ionique qui se produit lors d'une reduction de Ia masse rdnale.
La stimulation de l'excrétion potassique associée a Ia néphrectomie
pourrait être partiellement médiée par une augmentation spdcifique de
la membrane basolatérale des cellules principales. L'accroissement de
Ia membrane luminale des cellules intercalaires pourrait étre reliCe a
l'augmentation du transport d'acides par néphron restant après
néphrectomie.
Several lines of evidence indicate that the cortical collecting
tubule participates in regulating the urinary excretion of potas-
sium [1—31. Two morphologically distinct cell types, principal
and intercalated cells, occur in the cortical collecting tubule but
only one of them, the principal cell, has been implicated in the
secretion of potassium. Thus, when potassium secretion by the
cortical collecting tubule is enhanced by either longterm treat-
ment with adrenal corticosteroids [4—6] or by chronic ingestion
of a high potassium diet [7—9], a specific amplification occurs in
the basolateral membrane of principal cells [4, 7—9]. Con-
versely, when the level of circulating adrenal corticosteroids is
lowered following adrenalectomy, both renal potassium secre-
tion and the basolateral membrane of the principal cell decrease
[10]. These observations suggest that variation in basolateral
membrane is part of the mechanism whereby cellular transport
of potassium is regulated.
Several animal models of reduced renal mass demonstrate
that potassium balance can be maintained effectively, even
when the number of nephrons is reduced drastically, due to
increased excretion of potassium by remaining nephrons
[11—17]. This adaptive response can be attributed largely to
enhanced secretion of potassium ions by the initial and cortical
collecting tubule [12, 15—17]. Although cellular hypertrophy,
and hyperplasia are known to occur in surviving nephrons
following a reduction in renal mass [15, 18—20], previous work
has not evaluated quantitatively the magnitude of possible
changes in membrane surface density in cells of the distal
nephron.
The present study examines ultrastructural features of sur-
face distal segments following nephron reduction and utilizes
stereological techniques to determine if specific changes in the
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membrane area of initial collecting tubule cells' are associated
with alterations in potassium transport.
Methods
Male Sprague-Dawley rats were divided into sham-operated
and 75% nephrectomized groups. Ten days prior to clearance or
ultrastructural studies the animals were anesthetized by an
intraperitoneal injection of sodium pentobarbital (Nembutal, 60
mg/kg body wt). The abdomen was opened in each animal by a
flank incision extending from about the 12th left rib to the
midline. The right and left kidneys were then exposed by blunt
dissection. Subsequently, in the nephrectomized group, the
right kidney was excised and the dorsal branch of the left renal
artery was ligated under microscopic observation as described
by Kunau and Whinnery [16]. After surgery the two animal
groups were pairfed 20 to 22 g day' of rat chow (no. 5010
Ralston Purina Co., St. Louis, Missouri, USA) which contained
0.96% potassium chloride; water was allowed ad libitum.
Clearance studies
Fifteen animals, seven sham-controls and eight nephrecto-
mized, were anesthetized 10 days after surgery by mactin (100
mg• 100 g' body wt, i.p.) and prepared surgically for clearance
experiments. A tracheostomy was performed and catheters
(PE-50) were placed in the left jugular vein and right carotid
artery, permitting the infusion of Ringers solution, withdrawal
of arterial blood for analysis, and the measurement of arterial
blood pressure. Another catheter was placed in the dome of the
urinary bladder to collect urine for analysis. Animal body
temperature was maintained at 37°C by a thermostatically
controlled heated board. At the conclusion of surgery 2 ml of a
Ringer-bicarbonate solution (in mss: NaCl, 115; NaHCO3, 25;
KCI, 5) was given intravenously to replace fluid loss during
surgery. A continuous infusion of this solution was subse-
quently initiated at a rate of 4.5 mI/hr. Urine collections began
after a 1-hr equilibration period. Inulin (3H, New England
Nuclear Corporation, Boston, Massachusetts, USA) was in-
cluded in the initial replacement solution (25 Ci) and was also
added to the maintenance infusion to deliver 25 tCiIhr. Urine
specimens were collected for three 30-mm periods under water
equilibrated mineral oil in pretared vials, and the volume was
determined gravimetrically. Arterial blood for analysis of so-
dium, potassium, and inulin was obtained during the midpoint
of each period; blood samples were withdrawn at the end of the
experiment for determination of pH, HC03 and Pco2.
Potassium and sodium concentration in urine and blood was
determined with a flame photometer (model 143, Instrumenta-
tion Laboratory, Lexington, Massachusetts, USA). Arterial
blood pH and Pco2 were measured in a blood gas meter (no.
The initial collecting tubule is that portion of the nephron containing
principal and intercalated cells located before the junction with a
second nephron [7, 21]. This segment is referred to as the late distal
tubule in the micropuncture literature. The initial collecting tubule and
the connecting tubule segment lying between the distal convoluted
tubule and the cortical collecting tubule in superficial nephrons are the
important sites of potassium secretion in the distal tubule [7]. Both
display structural adaptation when potassium secretion is augmented
[71.
329, Instrumentation Laboratory). The blood bicarbonate con-
centration was calculated from the Henderson-Hasselbalch
equation. Inulin concentrations in blood and urine were deter-
mined by standard isotopic techniques. Because the clearance
results were not significantly different among the three collec-
tion periods within each group of animals, the results from each
period are combined in each animal.
Structural studies
Ten animals, six nephrectomized and four sham-operated,
were used for morphometric analysis of the kidney. Mean body
weights for these groups were 263 3.3 and 258 6.2 g,
respectively (NS). After the induction of anesthesia (Inactin,
100 mg/kg body wt), the descending aorta and left renal vein
were exposed by gentle dissection. An 18-guage needle was
used to cannulate the aorta distal to the renal artery. The left
renal vein was cut and the aorta was occluded proximal to the
renal artery [7, 22]. Blood was cleared from the kidney with
mammalian Ringer's solution (37°C) containing 3% T-40 dex-
tran at a perfusion pressure of 150 cm H20. After blood was
cleared (no longer than a few seconds), the kidney was perfused
for 5 mm with Karnovsky's fixative (37°C) [23], diluted 1:3 with
0.1 M sodium cacodylate buffer (pH, 7.2), containing 3% T-40
dextran and 0.1 M sucrose (total osmolarity of the fixative was
700 and that of the carrier 300 mOsm/kg H20). Tissue blocks
ranging from 1 to 2 mm3 from the superficial cortex of each
kidney were subsequently fixed in full strength Karnovsky's
fixative containing 0.1 M sucrose for 2 to 3 hr. Post fixation
procedures were identical to those described by Stanton et al
[7].
All tissue samples were coded to eliminate possible bias
during the ultrastructural and stercological analysis. Thick
sections (0.1 to 1 tm) were cut on an ultramicrotome (LKB
Huxley) and used to identify distal nephron segments for
subsequent thin sections and observation with an electron
microscope. Initial collecting tubules and distal convoluted
tubules were selected to examine the effects of 75% nephrec-
tomy on two segments of the distal nephron. Initial collecting
tubules were selected for electron microscopic examination
only if they made direct contact with the renal capsule. Previ-
ous studies have shown that the initial collecting tubule is
structurally similar to the cortical collecting tubule [1, 211. The
criteria for identifying distal convoluted and initial collecting
tubule cells has been described previously [7]. Most distal
convoluted tubules (traditionally called the early distal tubule)
examined were also in direct contact with the renal capsule.
Some of the tubules examined were within two to three tubular
diameters of the capsule but did not differ morphologically from
those in direct contact with the capsule. Designated tubules
were thin-sectioned if cells were presented in cross-section.
Thin sections were stained with aqueous uranyl acetate and
lead citrate. The thin sections were viewed with a Zeiss EM 10
B or a Zeiss EM 109 R electron microscope. Cells cut in
cross-section with an intact basal lamina and two visible zonula
occludens were examined at a final printed magnification of
x8,500. Between 13 to 15 cells of each type were evaluated per
animal. Cell and membrane parameters were estimated by
standard stereologic methods [241 using a grid of semicircular
lines [251 spaced 1 cm apart containing points 1 cm apart.
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Sham-operated 7 3.34 32.5 23.4 3.20 2.57 4.08 145.1 7.42 28.5 44.3
75%Nephrectomized 8 1.35 42.5 63.9 3.18 2.12 4.58 4.05 149.0
1.3
7.47 30.7 44.7
p <0.001 NS <0.005 NS <0.05 NS NS NS NS NS NS
Abbreviations: GFR, glomerular filtration rate; V, urinary fluid excretion; FEK, fractional excretion of potassium; UKV, absolute excretion rate
of potassium; FENa, fractional excretion rate of sodium; UNaV, absolute excretion rate of sodium; PK, plasma potassium concentration; PNa,
plasma sodium concentration.
a Values are means SaM; N denotes the number of animals per group, and P values are based on the unpaired t test.
Surface density (Sv; membrane area/cell volume) of luminal and
basolateral membranes were estimated using the following
equation:
4 IiSv = — Xir dXPT
Where I is the number of times that each membrane inter-
sects the semicircular lines of the test grid and PT is the number
of test points on the grid that fall within the boundary of the cell.
The symbol d is the distance between test points (1 cm) divided
by the final magnification. The boundary length (B) for each
membrane was determined by B = I, x d. The final parameter
measured was cellular area (A), which was determined using
the formula A = d2 x
Statistical analysis
For each animal the counts from 13 to 15 cells were averaged
to yield mean values that were used to estimate the morpho-
metric parameters described above. Group means were then
compiled where N equals the number of animals. Statistical
differences between the group means were assessed by the




Nephrectomy (75%) resulted in dramatic changes in renal
function. Relevant clearance data, plasma electrolyte, and
acid-base results for animals evaluated 10 days following
nephrectomy are summarized in Table 1. Glomerular filtration
rate (GFR) decreased from 3.34 0.27 mI/mm in sham-
operated rats to 1.35 0.16 mI/mm after nephrectomy. Both the
fractional excretion of potassium and sodium increased sharply.
Fractional excretion of potassium rose from 23.4 3.8% to 63.9
10.1% while fractional excretion of sodium increased from
0.52 0.18% to 2.12 0.59% following nephrectomy. No
statistically significant changes were found in the absolute
excretion of either potassium or sodium between the sham-
operated and nephrectomized groups. Plasma sodium and po-
tassium concentrations were also similar in both animal groups.
No differences in plasma pH, bicarbonate, and Pco2 were
observed in control and nephrectomized animals.
Structural analysis
A representative example of a principal cell in an initial
collecting tubule from a sham-operated animal is represented in
Figure 1. After nephrectomy this cell type hypertrophied as
shown in Figure 2. The most dramatic change was increased
infolding of the basolateral membrane, but there also appeared
to be an increase in cell size. Morphometric analysis demon-
strated a significant increase in the boundary length of both
basolateral (from 106 6.4 to 267 24 m) and luminal (from
20.1 1.4 to 27.0 1.4 .rm) membranes, as measured on
electron micrographs (Table 2). In addition, the cellular area
increased from 57.9 2.8 m2 in sham-operated rats to 82.8
6.8 m2 in nephrectomized rats. Since the increase in boundary
length of the luminal membrane was proportional to the in-
crease in cellular area, no change in surface density of the
luminal membrane occurred. In contrast, there was a striking
and disproportionate increase in the boundary length of the
basolateral membrane relative to the change in cellular area
following nephrectomy. This resulted in a significant increase in
the surface density of the basolateral membrane from 2.32
0.12 to 4.11 0.20 rm2/m3.2 The most striking and specific
response of the principal cells to nephrectomy was the ampli-
fication of the basolateral membrane.
Figure 1 illustrates the characteristic ultrastructure of an
intercalated cell in an initial cortical collecting tubule of a
sham-operated rat. The response of the intercalated cells of this
segment to nephrectomy differed markedly from that of the
principal cells. First, the basolateral membrane of the inter-
calated cells appeared to be unaffected, Second, the size of this
cell type was not increased. Third, there was a substantial
increase in the luminal membrane of intercalated cells (IC in
Fig. 2). The relevant quantitative analysis is summarized in
Table 3. While the boundary length of the basolateral mem-
brane was unchanged in nephrectomized animals, the boundary
length of the luminal membrane of intercalated cells increased
significantly from 14.2 2.2 m (in sham-operated rats) to 26.7
2The value for basolateral membrane surface density of the principal
cell type in control animals is somewhat lower than previously reported
for this strain of rats [7]. It is possible that the sham nephrectomy
carried out in the present series had an effect on membrane area
perhaps by diminishing potassium intake in the post-operative recovery
period.
Fig.
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Fig. 2. Principal cell (PC) and intercalaied cell (IC) of an initial cortical collecting tubule from a 75% nephrectomized rat. Note that the basolateral
membrane of the principal cell is considerably greater than that of the principal cell in Figure 1. The size of the cell is also greater. The luminal
membrane of the intercalated cell is substantially greater than that of the intercalated cell in Figure 1, but the number of vesicles in the apical
cytoplasm is markedly reduced. (x8,400)
3.9 m following nephrectomy. Since the cellular area did not
increase, the surface density of the luminal membrane in-
creased from 0.29 0.03 to 0.54 0.08 Lm2/im3 in the remnant
kidney. It is important to note that there was a wide variation in
the ultrastructure of the intercalated cell type both in control
and nephrectomized animals. The increase in luminal mem-
brane with nephrectomy was due to an increase in the number
of cells with abundant microplicae (Fig. 2). Even in nephrecto-
mized animals, however, a variation in the ultrastructure of the
intercalated cell type was observed.
In our morphometric analysis, we did not subdivide inter-
calated cells into subgroups because there are many transitional
cells that would make separation arbitrary [71. While qualitative
changes could be readily identified in both cell types of the
initial collecting tubule, no differences in structure were de-
tected in the cells of the distal convoluted tubule following
nephrectomy (Table 4). Thus, morphometric analysis showed
that the changes found in principal and intercalated cells in
association with reduced renal mass were not shared by the
cells lining the distal convoluted tubule.
Discussion
In the present study a 75% reduction in renal mass caused the
expected decrease in GFR and a significant increase in the
I. Principal cell (PCi and intercalated cell (IC) of an initial conical collecting tubule Irn,?r a .cham-operated rat. ( x 14.44k))
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Table 2. Morphometric data of principal cells in initial cortical collecting tubulesa
Surface density (Sv), pm2Im3 Boundary length (B), mCell area
Basolateral Luminal p.m2 Basolateral Lurninal
Sham-operated 2.32 0.12 0.44 0.03 57.9 2.8 106 6.4 20.1 1.4(N = 4)
75% Nephrectomized 4,11 0.20 0.42 0.20 82.8 6.8 267 24 27.0 1.4(N = 6)
p <0.001 NS <0.05 <0.001 <0.05
a Values are mean SEM; N denotes the number of animals in each group.
Table 3. Morphometric data of intercalated cells in initial cortical collecting tubulesa
Surface density (Sv), j.un2Im3 Boundary length (B), mCell area
Basolateral Luminal jLun2 Basolateral Luminal
Sham-operated 1.31 0.12 0.29 0.03 62.2 3.1 63.4 3.9 14.2 2.2(N = 4)
75% Nephrectomized 1.25 0.10 0.54 0.08 63.5 1.7 62.6 15.0 26.7 3.9(N = 6)
P NS <0.05 NS NS <0.05
a Values are mean 5EM; N denotes the number of animals in each group.
Table 4. Morphometric data of the cells in distal convoluted tubulesa
Surface density (Sv), pm2Ip.m3 Boundary length (B), mCell area
Basolateral Luminal Basolateral Luminal
Sham-operated 4.55 0.16 0.52 0.04 86.1 6.5 307 16 35.2 3.5(N = 4)
75% Nephrectomized 4.55 0.11 0.47 0.03 86.2 4.4 310 21 31.4 2.2(N = 6)
p NS NS NS NS NS
a Values are mean snrvl; N denotes the number of animals in each group.
fractional excretion of both sodium and potassium. These
functional changes have been well documented in studies using
animal models of reduced renal mass [11—18]. It is likely that
enhanced secretion of potassium by surviving initial and corti-
cal collecting tubules participated importantly in the increased
fractional excretion of potassium observed in the present study
since several previous studies demonstrated markedly en-
hanced secretion of potassium by these nephron segments
following nephrectomy [12, 15—17]. In the micropuncture ex-
periments of Kunau and Whinnery [16], performed after a
similar period of nephrectomy as in the present studies, it was
also shown that the rate of fluid delivery into the late distal
tubule (that is, initial collecting tubule) was increased in the
remnant kidney. Although enhanced delivery of tubular fluid
into the distal tubule is known to stimulate the secretion of
potassium [26, 27], it is unlikely that increased flow is the only
factor responsible for enhanced potassium secretion because
Fine, Yanagawa, and Schultze [15] demonstrated that when
cortical collecting tubules from control and nephrectomized
rabbits are perfused at identical flow rates, potassium secretion
is significantly increased in the latter group.
Following 75% nephrectomy, there was a dramatic increase
in both the surface density and boundary length of the basolat-
eral membrane of principal cells in initial cortical collecting
tubules. Because the increase in membrane area was much
greater than the increase in cell volume, the amplification of the
membrane was clearly not solely a consequence of general
cellular hypertrophy. In addition, the amplification of the baso-
lateral membrane was a specific response of the principal cells
because it was not found in the intercalated cells of the initial
collecting tubules or in the cells of distal convoluted tubules.
Similar adaptive changes in the basolateral membrane of
principal cells have been found following longterm treatment
with adrenal corticosteroids or chronic ingestion of a high
potassium diet [4, 7—9]. It is also of interest that chronic
deficiency of mineralocorticoids leads to a profound decrease in
both membrane length and potassium secretion [101 by the
initial collecting tubule. Therefore, there appears to be a
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consistent correlation between the amount of principal cell
basolateral membrane and the rate of potassium secretion by
the collecting tubule. Recent studies have also shown that
Na-K-ATPase activity in the cortical collecting tubule is
correlated with the rate of potassium secretion [28—33]. The
data of Fine, Yanagawa, and Schultze show [15] that a reduc-
tion in renal mass leads to a sharp increase in Na-K ATPase
activity per millimeter of cortical collecting tubule and to an
increase in potassium secretion. Other investigators have also
shown increased NatKtATPase activity following partial
nephrectomy [14, 34] in cortical homogenates. In these studies
this enzyme adaptation correlates well with an increase in renal
potassium excretion [11—171. It should be noted though that
increased ATPase activity with nephrectomy is not limited to
the distal nephron since a recent preliminary report indicates
that basolateral membrane area and Na-K-ATPase activity are
elevated in rabbit proximal tubule [35]. This consistent associa-
tion between changes in Na-K-ATPase activity and specific
alterations in the basolateral membrane raises the possibility
that the amplification of membrane occurs as a mechanism
whereby cells increase the number of Na-K-ATPase pumps.
Reduction in renal mass also had an effect on the morphology
of intercalated cells in the initial cortical collecting tubule.
Whereas the increase in luminal membrane of principal cells
could be accounted for completely by hypertrophy, the en-
hancement of luminal membrane of intercalated cells could not
be attributed solely to cell hypertrophy. An amplification of the
luminal membrane has also been observed in intercalated cells
of medullary collecting tubules during acute respiratory and
chronic metabolic acidosis [36, 37] and after chronic dietary
potassium depletion [38]. Because these conditions are known
to stimulate renal tubular H secretion, it has been suggested
that the surface amplification of this membrane is related to the
insertion of hydrogen ion pumps to promote the acidification of
tubular fluid [36—381. Since it has also been reported that acid
secretion per surviving nephron is augmented after reduction of
renal mass [39—411, it is possible that the observed increase in
luminal membrane of the intercalated cells in the present study
may be related to the increase in single nephron acid excretion
following nephrectomy. The recent report of Buerkert et al [39]
is consistent with this possibility because the cortical collecting
duct has been implicated as a site of increased acid secretion
following nephrectomy. It should also be noted that the turtle
bladder increases hydrogen ion secretion by amplification of the
luminal membrane [42].
The precise cellular mechanisms responsible for the increase
in basolateral membrane of principal cells following nephrec-
tomy are not completely understood. Previous studies have
shown a close positive correlation between circulating levels of
adrenal steroids and the basolateral membrane of principal
cells; it has been suggested that aldosterone can play an
important role in regulating membrane area [4, 7—10]. However,
a significant and sustained increase in plasma aldosterone has
not been a consistent finding in situations in which renal mass is
reduced to a similar extent as in our experiments [14]. Hence, it
appears possible that the increase in ATPase activity and the
stimulation of urinary potassium excretion that have been
reported occur in the absence of changes in plasma aldosterone
levels [11, 15, 34]. Plasma aldosterone levels were not measured
in the present study, and we cannot exclude that the membrane
area changes observed in the present study are unrelated to
alterations in aldosterone levels.
Although speculative, several alternatives to changes in
adrenal steroids being responsible for the alterations of mem-
brane area might be considered. First, the affinity of the
mineralocorticoid receptor could change following nephrec-
tomy such that even a normal aldosterone level might stimulate
membrane amplification. Changes in end-organ responsiveness
have been observed in the uremic nephron [43, 44]. Second, it
has been shown recently that inhibition of sodium uptake into
cells of the collecting tubule by amiloride blocks the stimulatory
effect of aldosterone on ATPase activity [32, 45]. Thus, it has
been suggested that sodium entry across the luminal cell
membrane plays an important role in regulating ATPase activ-
ity. It may thus also affect peritubular cell membrane area.
Since a reduction in renal mass leads to an increase in the
delivery of sodium into the collecting system and to an increase
in cellular sodium reabsorption along the collecting tubule [14,
17], it is possible that enhanced cellular uptake of sodium
participates in the increase in basolateral membrane area and
ATPase even at unchanged aldosterone levels. Finally, it is
possible that other hormones known to increase ATPase activ-
ity in a variety of tissues such as prolactin, growth hormone,
and thyroid hormone may be involved in the amplification of
membrane area.
In summary, stereological analysis revealed cell type specific
changes in the initial cortical collecting tubule following a 75%
reduction in renal mass. Compensatory excretion of potassium
per nephron appears to be linked to a marked increase in the
basolateral membrane of principal cells whereas the increase in
acidification may be related to an increase in the luminal
membrane of intercalated cells.
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